A significant body of theoretical literature has argued that popular interest in sporting contests between teams is heavily influenced by how difficult it is to predict the result ex-ante. Empirical research has, however, been unable to reach a consensus on magnitude of uncertainty on demand. In this paper, we seek to resolve this impasse by distinguishing between uncertainty of outcome in the short run and uncertainty of outcome in the long run. We also show that it is important to control for the independent effect of absolute team strength when testing the uncertainty of outcome hypothesis. Using data on over 380 Test cricket matches played in England, Australia and New Zealand since 1980, we find that short run uncertainty of outcome has a significant impact on attendance demand and that absolute team strength has better explanatory power for attendance demand than does long run uncertainty of outcome.
Introduction
In seminal contributions, Rottenberg (1956) and Neale (1964) suggest that the professional sports industry is unique because the success of a professional sports team or firm depends on its competitor also succeeding. Given this dependence, the uncertainty of outcome hypothesis proposes that the closer the competition between professional sports teams, the greater the likelihood of increased spectator attendance due to increased interest in the sport. In contrast to theory, empirical evidence on the relationship between uncertainty of outcome and demand has produced mixed conclusions: Borland and Macdonald (2003) looked at over forty studies on demand for sport and noted a significantly positive effect of uncertainty of outcome on demand (as predicted by the uncertainty of outcome hypothesis) in fewer than half.
One possible explanation for the lack of consensus in the empirical literature is that very few studies have differentiated between the impact of short run, seasonal uncertainty of outcome and longer run uncertainty (see Downward and Dawson, 2002 and Szymanski, 2003 for a review of this literature). A further issue is whether the absolute strength of teams may exert an effect on demand, independent of the relative strength of teams or uncertainty of outcome. Again this is an issue which has received relatively little attention in the literature.
International cricket is a particularly useful context for testing these ideas. First, the structure of international cricket with teams playing each other in extended "series" of matches, allows for an easy distinction between short and long run uncertainty of demand. Further, Test cricket, which is typically played over a period of five days, allows us to measure the effect of a change in the uncertainty of outcome within the course of a match.
1 Further, the topic has pressing relevance for current policy debates regarding the organisation of international cricket.
Specifically, there has been a long-running debate over whether to introduce a two tier system for international test matches, in which strong and weak teams would be segregated. This question is frequently debated by in the cricket media and by cricket fans.
2 1 A further interesting and unique feature of Test cricket is that matches may reach the end of the allotted time without a result being reached. This is termed a draw. For a weak team, achieving a draw against a stronger team is often perceived as a very attractive outcome. 2 For instance, see Saltau and Marshallsea (2004) and Vaughan (2013) .
Using attendance data that we collected for over 380 Test matches played by home teams in England, Australia and New Zealand between 1980 and 2012, we estimate the effect of short and long run uncertainty of outcome and also absolute team strengths on the demand for Test cricket. We control for a series of other factors previously noted to affect demand for sport including the fixed effect of the venue at which the test was played.
In the next section of the paper, we review some relevant literature, particularly on the effects of uncertainty of outcome and team quality on demand for sport. In section 3, we explain the methodology and data used in this study. In section 4, we present and discuss the descriptive statistics and multivariate regression results. We make some concluding remarks and suggest some policy implications of this research in section 5.
Uncertainty of outcome: literature review
Empirical evidence on the impact of uncertainty of outcome on demand for professional sport is mixed. Borland and Macdonald (2003) and Szymanski (2003) found that fewer than half of the studies they reviewed offered strong support for the uncertainty of outcome hypothesis. In football, Wilson and Sim (1995) and Baimbridge et al. (1996) find no significant impact of outcome uncertainty on demand for European football. In contrast, Falter and Perignon (2000) note that rising uncertainty of outcome leads to increases in attendance demand for football in
France. Looking at other team sports, Borland (1987) and Peel and Thomas (1997) find similar positive effects of uncertainty of outcome on demand for Australian rules football and rugby league in England, respectively.
Even where a relationship exists between attendance demand and uncertainty of outcome, it is not always linear: for example, Peel and Thomas (1992) noted an "inverted U" shaped relationship between uncertainty of outcome and demand for English league football, with demand rising with uncertainty of outcome till a point and declining thereafter. It is possible that demand for sport is affected differently by small and large differences in team strengths. Welki and Zlatoper (1999) found that small increases in uncertainty raised attendance but very large increases in uncertainty lowered attendance.
What about team quality? Some studies have established a strong effect of home performances on attendance in professional sport: for instance, Buraimo and Simmons (2008) found that the opposite of the uncertainty of outcome hypothesis holds in the English Premier League (EPL), with fans preferring to watch their team win against an inferior team. On the whole, Borland and Macdonald (2003) note that most studies in their review found a positive and significant effect of home team performances on demand for sport.
The impact of the away team on demand is less clear from the literature. Pawloski and Anders (2012) recently noted a significant effect of "reputation" of away teams on demand in Germany. By contrast, Dobson and Goddard (1992) found that the away team has no significant effect on attendance demand in football. Similarly, Butler (2002) found that the away team had no significant effect on demand for MLB in the USA. In their review, Borland and Macdonald (2003) find that only half of the studies they reviewed found a significant effect of the away team, though the impact was positive in these studies.
Given the lack of clarity on the impact of uncertainty of outcome and team strengths on demand for sport in the extant literature, there is some merit in contrasting different types of uncertainty of outcome from team strengths. It is also worthwhile to use Test cricket for this analysis because Test cricket offers a unique type of uncertainty of outcome (final day uncertainty).
Despite being one of the most popular sports in the world 3 , research on international cricket is relatively thin, with previous literature (Chapman et al. 1987; Hynds and Smith, 1994; Bhattacharya and Smyth, 2003; Blackham and Chapman, 2004) having looked at whether shorter run measures of uncertainty of outcome (such as final day and series uncertainty of outcome) affect demand for Test cricket. In contrast to many professional sports, the elite level of professional cricket is played between teams representing countries. The nature of Test cricket, which is played over five days, also provides a valuable opportunity for distinguishing two different types of short run uncertainty.
The earliest known academic study on demand for cricket was carried out by Schofield (1983) , who looked at demand for the John Player League, a limited overs tournament played domestically in England. He found all economic factors specified as possible explanations of cricket demand to be insignificant. Later, in their study of first-class and domestic one day cricket demand in England, Paton and Cooke (2005) examined the effect of uncertainty of outcome through a "points differences" variable which measured the difference in points between teams in each match based on the season's point table. This was statistically insignificant. Hynds and Smith (1994) and Bhattacharya and Smyth (2003) All of the studies above measure the ex-ante uncertainty of outcome by calculating the relative difference in the strength of the teams immediately (or as soon as possible) before they play each other. We label this as "short run uncertainty of outcome".. Yet both the uncertainty of the outcome and popular interest in the contest are likely to be generated over time. A close and uncertain contest between the teams in the past may generate a rivalry that stimulates demand over several periods. Therefore, in addition to the short run uncertainty of outcome we will construct a variable which captures "long run uncertainty of outcome". This is described in the section below. As far we are aware, there has been no work on the impact of long run uncertainty of outcome. In addition, we will also control for the independent effect of team strength on demand when estimating the impact of the two types of uncertainty of outcome on the demand for cricket. .
Methodology

Measuring team quality and longer run uncertainty in cricket
Similar to Hynds and Smith (1994) and Bhattacharya and Smyth (2003) , we include short run uncertainty of outcome measures in the present research, but we also include an additional measure that captures longer term uncertainty of outcome by assessing the impact of longer term performances on demand.
To do this, we use the ICC quality ratings which allocate scores to each international team on the basis of previous home and away performance. We create a variable called Ratings
Certainty, which models the ratings uncertainty of outcome of each match as the absolute difference in ratings points between the two teams prior to the match. An increase in the variable shows declining uncertainty of outcome and so is expected to lower attendance (for example, ratings certainty of 20 points is expected to produce a more certain contest than ratings certainty of 5 points; a smaller difference is "better"). The historical ratings do not include ratings for every month in a year (meaning there are some series for which a team rating is unavailable for the very month the series was played in), so in some cases updates take place after a series of games in our sample. We also include a Ratings Certainty Squared variable, which is simply the square of Ratings Certainty, to distinguish impacts of small and large increases in uncertainty of outcome.
Also in contrast to previous literature, we create a variable called Home Strength, which models the quality of the home team, measured by the ICC rating of the team prior to the match.
This will show whether the strength of the home team affects demand for international cricket.
As noted, previous literature has found that home team success tends to raise attendance demand.
Finally, we construct a variable called Opposition Strength, modelling the quality of the opposition team, measured by the ICC rating of the opposition prior to the match. This will show if spectators are attracted to matches played by strong opponents independent of the strength of the home team. Borland and Macdonald (2003) found that the effect of opposition strength on demand for sport is positive where statistically significant.
A model of attendance demand
Given the discussion above, we present a model of attendance demand for The dependent variable is Average Daily Attendance, the average daily attendance during the match. This is obtained by dividing the total number of spectators in the match by the number of days of play. Some studies have also used television viewing figures to measure demand (e.g.
Alavy et al. 2010). Television viewing figures are important because of the contribution of
television broadcast rights to national board revenues. Attempts were made to collect data on television audiences for this study, but these were unavailable.
However, live attendance is important for two reasons. First, in England and Australia, the two main countries covered in this study, crowd attendances tend to be high for international matches across different formats of cricket. 
Empirical modelling
The data used in this study are in panel form, as they comprise both time series and cross sectional elements: a number of venues host matches annually over the sample period. In contrast to Hynds and Smith (1994) and Bhattacharya and Smyth (2003) , we formally choose between a venue fixed effects or random effects model by running a Hausman test. Schofield (1983) explains that using log-linear models enables interaction effects amongst independent variables and provides direct estimates of elasticities. Given this, we use a log-linear specification in addition to a linear specification. Test match attendance in England is slightly constrained as the first three days of Tests are often sold out (Hynds and Smith, 1994) . However, the final two days, should the Test go that far, are not similarly constrained.
Variables
The discussion above suggests a number of variables expected to influence demand for Test cricket matches, apart from uncertainty of outcome and team quality. This list of variables and their expected signs are provided in Table 1 .
Similar to Hynds and Smith (1994) Following Hynds and Smith (1994) , data on earnings were collected from national income surveys (a list of sources for all variables is provided in Table 2 ). The measure used was the average weekly wage for all workers, and where unavailable, all male workers in the catchment area for the match venue. The wage data were adjusted for inflation using relevant price indices. Data on venue capacities were collected from venue authorities. In some cases, the accuracy of obtained estimates was questionable, so we made a judgement on actual capacity by observing attendance data over a number of years.
Data on competing sports events and public holidays in all three countries were collected using widely available public sources. Exchange rates were used to convert earnings into the same currency (pounds sterling) for all three countries. Exchange rate data were obtained from widely available public sources.
Results and discussion
Descriptive statistics
We first present some summary statistics of English, Australian and New Zealand Test attendances over the last thirty years in Tables 3a-3c below. The average daily attendance is defined as the total match attendance divided by the number of days of play. Standard deviations are also provided for each venue and opposition team in order to show how spread the data are.
Throughout this section, N indicates the number of matches. Clearly, the descriptive statistics suggest that England, Australia, South Africa, West
Indies, Pakistan and India are the most popular international cricket teams in England, Australia and New Zealand. However, it is not clear what impact the relative strengths of these teams and uncertainty of outcome had on attendance demand during the sample period. In order to identify these impacts, we conduct fixed effects analysis.
Fixed effects estimates
Given the likely bias that would exist in OLS estimates of the data , we present fixed effects estimates for Test matches in England in first isolate the impact of other factors on demand for sport before attempting to identify the impacts of outcome uncertainty and team strengths, the variables of interest in this study.
In the first set of estimates (Models 1 and 2), Real Income is statistically very significant and has a positive coefficient, suggesting Test cricket in England is a normal good: fans choose to watch more Test cricket as their incomes rise. Rain and Substitutes have no significant effect in the linear estimates, but Rain has a significantly negative impact in the log-linear estimates.
Some teams have been traditionally popular in England, particularly Australia, so to consider opposition fixed effects and also to indirectly control for the impact of price, we include opposition dummy variables as well.
Amongst opposition teams, Australia, South Africa, Pakistan, New Zealand, West Indies and India significantly raise attendance relative to Sri Lanka in the linear estimates. In the loglinear estimates, New Zealand does not significantly raise attendance, but the other opposition teams mentioned above raise attendance. Holiday is statistically insignificant in all but one of the four models, but surprisingly has a negative coefficient. As the public holidays in the sample fall on a Monday (Bank Holiday), which is usually the final day of a Test match in England, it is likely that the negative effect is capturing declining attendance towards the end of Test matches in England.
In Models 3 and 4, we also include uncertainty of outcome and team strength variables. Referring back to the question of whether team strengths or outcome uncertainty drives demand, it appears that in England, Test cricket fans prefer watching matches in which their team is strong or in which they can expect to see high quality cricket from the opposition. Long run uncertainty of outcome has no significant impact on attendance decisions of Test cricket fans in England, all other things being equal, though short run uncertainty does have some impact.
Our empirical analysis allows identification of the impact of these different factors on demand for Test cricket in England.
Next, we present fixed effect estimates for demand for Test cricket in Australia in Table   5 . Similar to the England estimates, we include the outcome uncertainty and team strength variables in Models 3 and 4.. Real Income is clearly positive and significant across specifications, suggesting that, similar to England, Test cricket is a normal good in Australia.
Home Strength and Opposition Strength are positive and significant, also similar to the England estimates, implying demand for Test cricket in Australia increases with the quality of the home and opposition teams.
Coming to the long term uncertainty variables, Ratings Certainty and Ratings Certainty
Squared are both significant in the linear estimates, though not in the log-linear estimates.
Ratings Certainty Squared is positive, suggesting longer run uncertainty of outcome initially raises attendance, but after a point it lowers attendance. However, excluding the squared term alters the results. Ratings Certainty is no longer statistically significant, nor is Opposition Strength. The inclusion of a squared ratings certainty term was motivated by the rationale that small and large increases in uncertainty of outcome may impact demand differently.
Given this, to further test the robustness of this second effect we specified the impact of large ratings differences in other ways. First, we included dummy variables for groups of ratings differences (e.g. ratings differences of 0-10 points, 10-20 points, 20-30 points and so on) and second, we used a piecewise linear regression. These were more flexible specifications but less precise than a squared ratings certainty term. The alternative specifications produced contrasting results, as they showed insignificant impacts of ratings differences. The insignificance of the loglinear estimates and the fact that the linear estimates are not robust to alternative specifications suggest the significant impacts of Ratings Certainty and Ratings Certainty Squared are doubtful.
Final Day Certainty is also significant and negative, similar to the England estimates, but by contrast, Series Certainty is significant and positive in the linear estimates, suggesting uncertainty of outcome lowers attendance (as certainty raises attendance). An explanation is as follows. The Australian team was very strong during much of the sample period and frequently won series with one or two Tests to spare. These final two Tests were usually held at Melbourne and Sydney over the Christmas and New Year period, which are traditional sporting attractions in Australia.
Rain is significant in the log-linear estimates with and without uncertainty and strength variables included and in the linear estimates without uncertainty and strength variables included. The effect of rain is to lower attendance, as expected. Interest in the Ashes is confirmed with Test matches against England significantly raising average daily attendance by over 9,800 spectators relative to Sri Lanka, on average, in the linear estimates with uncertainty and strength effects included. These fixed effects estimates suggest that income; final day certainty; rain and team strengths (both home and opposition) are strong predictors of demand for Test cricket in Australia. Longer run ratings certainty has some apparent impact on Australian Test attendance, but this result is not robust to alternative specifications. with increasing earnings leading to greater demand for the sport. Rain lowers attendance, whilst playing during a public holiday boosts demand. A certain outcome of a match lowers attendance on the final day, providing some support for the uncertainty of outcome hypothesis in the short run. Amongst opposition teams, Australia, England, West Indies, South Africa and India most significantly raise demand for Test cricket.
Our research thus suggests that short run uncertainty of outcome is a stronger explanation of demand for Test cricket than long run uncertainty of outcome. In terms of team strengths, both home and away team strengths have a significantly positive impact on Test demand, even after controlling for opposition fixed effects over time. In contrast to previous literature on demand for international cricket, we are thus able to identify the impact of absolute strengths of teams on attendance decisions of Test cricket fans.
Discussion of results
Our results provide only limited evidence that long run uncertainty of outcome (measured as the difference in team quality) has an impact on demand for Test cricket. Whilst there is some suggestion of a mixed effect of longer run uncertainty of outcome in Test matches in Australia (with uncertainty of outcome raising attendance till a turning point), this impact is not robust to alternative specifications. No significant impact of long run outcome uncertainty is observed in Test matches in England, or in Test matches in Australia, New Zealand and England all combined.
In contrast, we find strong evidence that absolute team strengths (both for home and away teams) raise demand. The result is largely consistent with previous literature (Borland and Macdonald, 2003) and the effect is found in each of the Australia and England samples as well as the combined estimates for three countries (Australia, England and New Zealand).
The two measures of short run uncertainty of outcome, included in line with previous literature, are final day uncertainty and series uncertainty. Final day uncertainty raises demand, as shown by the fact that a certain final day outcome lowers attendance in the Test estimates.
Series uncertainty is found to have a negative effect on both demand for Test cricket in Australia and all of Australia, England and New Zealand combined. This result differs from Hynds and Smith (1994) and Bhattacharya and Smyth (2003) . However, neither of these earlier studies used a panel data framework. Further, our estimates control both for absolute team strengths and for longer run uncertainty of outcome. . Like all work in this area, the effect of ticket prices is not explicitly considered in this study. As discussed earlier in the article, the impact of ticket prices on demand may be captured to some extent by the venue fixed effects and opposition dummy variables, but these are not perfect proxies for price.
Concluding remarks
In contrast to much of the previous literature on the demand for professional sport, we consider that the absolute strength of home and away teams may be a more satisfactory explanation of differences in the demand for sport than simple uncertainty of outcome. Outcome uncertainty relies on the fact that fans prefer watching close contests between teams. However, fans may well prefer watching strong teams, particularly their own team, as it means they are more likely to see victory (a strong home team) or high levels of skill and quality (a strong away team).
Building on this, our model suggests that demand for international cricket is influenced by the strength of the home team; the strength of the opposition team; ratings uncertainty of outcome;
short run uncertainty of outcome and a host of other economic and match specific factors.
Using attendance data for over 380 Test cricket matches played in England, Australia and New Zealand over the last thirty years, we find that, controlling for a series of economic and match specific factors, long run uncertainty of outcome has only limited impact on demand for Previous literature on demand for sport has noted the ambiguous effect of uncertainty of outcome on demand for sport (Borland and Macdonald, 2003) . Our study finds that whilst there is evidence that spectators choose not to attend outcome-certain final days of Test matches, there is only limited evidence that longer term uncertainty of outcome (based on relative performances of teams over a number of years) matters as much for Test cricket demand.
The perception of rising imbalance in international cricket team strengths has led to frequent discussion about the merits of a two tiered system for Test match cricket. We can use the results in this paper to speculate as to the likely impact of such a change. In the first place, we can expect an increase (on average) in the uncertainty of outcomes as there will be fewer contests between very strong and very weak teams. However, absolute team strength will (again, on average), increase for matches in the upper tier but reduce for matches in the lower tier. An implication would be an increase in the average attendance for matches in upper tier countries but a decrease for matches played in lower tier countries. In other words, our results suggest a divergence in the impact on attendances in matches played countries with stronger and weaker teams. Overall, there is little in our results to suggest that the two-tier system would significantly increase test match attendance on average.
An important caveat to this is that our results focus on sports attendances. It is possible that long run uncertainty of outcome may be more important for broadcast viewing figures.
Collecting better evidence on the determinants of the broadcasting demand for sport would be a useful venture for future research. (ii) * Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level.
(iii) Hausman test presents the chi-square statistics for fixed effects. (ii) * Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level.
(iii) Hausman test presents the chi-square statistics for fixed effects. 
